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Abstract
Background: Many youth and young adults experience high noise exposure compounded by lack of access to
hearing health education. Although the need for hearing health education programs is evident, the efficacy of
these programs for youth is unclear. We evaluated the literature for efficacy of various hearing conservation
programs aimed at youth and young adults, and analyzed their strengths and limitations.
Methods: Studies reporting results of hearing conservation or hearing loss prevention programs with youth or
young adults, using randomized controlled trials, quasi-experimental designs, experimental design, or qualitative
research, and published in peer-reviewed journals in English between 2001 and 2018 were included. Studies were
found through searches of selected literature databases (i.e., PubMed, Google Scholar, NIOSH Toxline, and Scopus).
Identified publications were assessed for relevance, and data were extracted from the studies deemed relevant.
Results: A total of 10 studies were included. Very little evidence of efficacy of hearing conservation educational
programs was found in these studies. Several methodological limitations including lack of rigorous study designs,
inadequate power, and application of inappropriate statistical analysis were noted. Some use of technology in
programs (e.g., smartphone apps, mobile phone text messages, and computers) was observed, but conclusions as
to the effectiveness of these tools were limited by the small number of studies and small sample sizes.
Conclusions: The number of studies of educational hearing conservation programs for youth and young adults
was low. The efficacy of the program was not reported in most studies, and it is difficult to draw public health
conclusions from these studies due to their multiple methodological limitations. While use of technology in hearing
conservation educational programs offers promise, its effectiveness has not been studied.
Keywords: Hearing conservation, Youth, Young adults, Technology, Educational intervention, Rural and agricultural
communities, Systematic review
Background
Noise from recreational activities threatens the hearing
ability and health of youth and young adults around the
world. In the United States, approximately 5.2 million
children and adolescents, and several million young
adults, experience noise-induced hearing loss [1, 2].
Non-occupational and recreational activities such as
concerts, use of personal listening devices, playing mu-
sical instruments, and visiting music venues, clubs, and
sporting events expose adolescents and young adults to
loud noise, often resulting in transient tinnitus as an
immediate impact, and irreversible hearing damage in
the case of long-term exposure [3]. In these leisure activ-
ities, average sound levels commonly vary between 99.8
and 140 dB, which even after short-term exposure could
negatively impact hearing ability [4–7]. In addition,
millions of youth are exposed to noise in occupational
settings, such as youth working on or visiting farms [8].
Although the effects of high noise on hearing (e.g.,
noise-induced hearing loss and tinnitus) are well-known
[9, 10], high noise also affects many organ systems,
resulting in a negative impact on the quality of life of the
* Correspondence: kmkhan@indiana.edu
1Department of Environmental Health, School of Public Health, Indiana
University-Bloomington, 1025 E Seventh Street, Room 025E, Bloomington, IN
47405, USA
Full list of author information is available at the end of the article
© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Khan et al. BMC Public Health         (2018) 18:1286 
https://doi.org/10.1186/s12889-018-6198-7
affected individuals [11]. In addition to the risks of
noise-induced hearing loss and other somatic effects of
noise, children exposed to high noise are at risk for aca-
demic failure and behavioral problems [12, 13]. Hearing
loss affects physical and emotional functioning, social life,
and employment. Importantly, hearing loss has also been
associated with increased risk for injury [14]. Substantial
evidence in the literature suggests that noise exposure
results in heavy social and economic burdens on families
and communities across various ethnic and socioeconomic
groups [15].
The problem of hearing loss has been identified as
high priority by leading national organizations. Healthy
People 2020 includes a focus on reducing the prevalence
and severity of disorders of hearing, and increasing “the
proportion of adolescents aged 12 to 19 years who have
ever used hearing protection devices (earplugs, earmuffs)
when exposed to loud sounds or noise” [16]. The core
mission and strategic plan of the National Institute for
Deafness and Communication Disorders includes develop-
ment of programs to prevent communication disorders
[17, 18]. Noise-induced hearing loss has also been named
as one of the 21 top research priorities for the century by
the National Institute for Occupational Safety and Health
[19], and is a high-priority area in the National Agriculture,
Forestry, and Fishing Agenda [19], Occupational Safety
and Health Administration [20], and the North American
Guidelines for Children’s Agricultural Tasks [21].
Use of hearing protectors, maximizing the distance
from the source of noise, and providing enclosure to
minimize noise transmission are a few methods of miti-
gating the effects of high noise exposure in occupational
and recreational settings [22]. However, educational pro-
grams to promote use of these and other hearing conser-
vation approaches among youth and young adults are
few in number [23–28]. Also, data gaps exist regarding
the efficacy of technology in reducing negative effects of
hazardous noise exposure. In different public health
intervention studies, promotion of positive health behav-
ior among adolescents and farm youth were effectively
accomplished through the use smartphone apps, mobile
text messages, and computer and web-based educational
programs [29–31]. The purpose of this systematic review
was to a) review the efficacy of hearing conservation
programs aimed at youth and young adults, and b)
analyze their weaknesses and limitations.
Methods
Methods for the systematic literature review were adapted
from PRISMA guidelines [32] and included the following
steps: search for studies, assess relevance of identified
publications, data extraction, categorization of studies,
and synthesis of results from included studies. The follow-
ing inclusion criteria were applied: studies that included
hearing conservation or hearing loss prevention programs
with youth or young adults; AND studies that used
randomized controlled trials, quasi-experimental designs,
experimental design, OR qualitative research; AND stud-
ies published in peer-reviewed journals in English between
2001 and 2017.
Studies were found through searches of selected litera-
ture databases (i.e., PubMed, Google Scholar, NIOSH
Toxline, and Scopus) using combinations of the following
keywords: “hearing protection intervention” OR “hearing
conservation intervention” OR “hearing protection” OR
“hearing protection conservation” OR “hearing conserva-
tion” OR “hearing” OR “intervention” OR “noise induced
hearing loss” AND “agricul*” OR “rural” OR “noise” AND
“technology” AND “smartphone” OR “computer” AND
“internet” AND “text messaging” AND “school based.”
Multiple combinations of keywords were used to ensure
that all relevant studies were discovered. Searches were
conducted from October through December 2017. This
resulted in a total of 23,306 reports (duplicates included),
which were distributed between 6982 hits in PubMed,
16,293 hits in Google Scholar, 7 hits in NIOSH Toxline,
and 24 hits in Scopus. A total of 7004 unique reports were
screened by title and abstract, and out of those, 20 under-
went full article screening. Ten studies met all inclusion
criteria as listed above.
The searches were conducted independently by two
authors (KMK and SLB) in consultation with a librarian
at Indiana University Bloomington who had expertise in
scientific literature search in public health. Titles and
abstracts were read independently, and relevance was
assessed based upon the inclusion criteria. All authors
participated in the full text review where the full article
was read and discussed. All relevant studies were in-
cluded, irrespective of their scientific quality. Informa-
tion regarding study design, interventions conducted,
study objective, randomization of subjects, data
collection, analyses performed, and relevant results were
extracted from reports.
Results
As indicated in Fig. 1, a total of 20 publications were ini-
tially identified as “relevant” after screening the titles and
abstracts of 7004 publications. These 20 studies addressed
topics related to hearing conservation or hearing loss pre-
vention among youth and young adults. However, 10 stud-
ies did not meet all the inclusion criteria and therefore, the
remaining 10 publications conducted in two countries (8 in
the USA, and 2 in Belgium) were finally selected for this re-
view. Table 1 provides a summary of characteristics of the
study including study objectives, sample characteristics,
study groups that were compared and instruments for out-
come measures. The selected research reports, published
over the past 18 years (2001–2018), employed a variety of
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study designs including cluster-randomized controlled trials
(n = 3), quasi-experimental studies with crossover design
with or without a control group (n = 4), and experimental
studies with multiple groups (n = 3).
Study settings and participant characteristics
Studies included in this literature review demonstrated
wide variations in study settings and subject characteris-
tics (e.g., age, education levels). There were six studies of
high-school children [24, 33–37], two of college-aged
youth [38, 39], and one each of elementary school chil-
dren [27] and young adults [40]. Sites included schools
or colleges [27, 35, 36, 38, 39] and farms [24, 33, 37]; in
one study no information about the study setting was
provided [40]. Half of the studies in this review were
conducted in agricultural and/or rural communities,
mainly with children enrolled in agricultural classes [24,
33, 35–37]. Three studies did not provide clear informa-
tion about the geographical characteristics of the sample
(i.e. rural or urban) [34, 39, 40], although occupational
characteristics of the participants indicated that subjects
living rural or semi-urban were included in the study
sample. One study recruited college students from both
urban and rural areas [38], whereas another urban study
relied on populations where a significant number of chil-
dren came from minority and under-represented families
in semi-urban or rural areas [27].
Features of interventions
Types of interventions
Interventions were exclusively educationally-based, directed
at increasing users’ knowledge of noise and hearing, with
an implicit goal of influencing hearing conservation behav-
ior. Environmental modification and policy development
approaches were not represented. Educational content on
sources of loud noise, enhancing positive attitudes towards
hearing conservation, noise-induced hearing loss, and use
of hearing protection were the main focus areas for content
of education in the selected studies. In two US studies in
agricultural communities, hearing conservation was nested
in health and safety education programs or curricula that
also provided education to high school students on other
farm safety hazards [36, 37]. Other studies were conducted
with a narrower aim toward reducing the risk of
noise-induced hearing loss.
Educational methods
In a limited number of studies, researchers employed
various types of teaching and learning methods to ac-
complish the goals of the intervention projects. Most of
these methods were interactive and conducted in field
settings. Notable teaching/learning methods included
hands-on demonstration of fitting of hearing protection
devices [38], interactive learning and training via
face-to-face and computer training [27, 33, 35], commu-
nication of the results of clinical evaluation of hearing
status of the participants [40], and the use of a model of
persuasive communication [39].
Efficacy of educational hearing conservation programs
Findings regarding efficacy of programs are summarized
in Table 2. Descriptions of intervention approaches often
lacked detail. For example, one study that examined the
effect of a government-sponsored preventive campaign on
noise exposure for high school students (via TV and radio
commercials and social media), failed to include a descrip-
tion of the informational content disseminated [34]. Only
two studies demonstrated statistically significant efficacy,
Fig. 1 Selection Process for Identification of the Studies for Review
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i.e., results showed significant improvement in the fre-
quency of hearing protection use in the intervention
group when compared with the control group [24, 37].
Additionally, none of the studies provided information
about the roles of the educators in implementing the
program.
The use of technologies in educating youth about
noise exposure and noise-induced hearing loss preven-
tion was addressed in a few studies [27, 34, 35, 38]. In
the Dangerous Decibels program, an internet-based vir-
tual museum experience was designed to enhance hear-
ing conservation knowledge among fourth grade
students [27]. In this virtual experience, the user navi-
gates the virtual exhibit to explore ear structures, sound
waves, and hearing protection strategies. The virtual ex-
hibition can be adapted into multiple languages. The
only drawback of this educational tool was the short ef-
fect of training, which failed to sustain intent to use
hearing protectors for more than 3months [27]. In an-
other study of adolescent high school students, the risk
of loud music and use of hearing protection in noisy en-
vironment were effectively mitigated via multiple strat-
egies such as television and radio commercials, social
network sites, and an educational website [34]. One limi-
tation of this large countrywide program was the high
cost of the campaign. In a pilot study, an hour-long
computer training on hearing conservation in agriculture
was developed targeting adolescent farmworkers who
demonstrated improved hearing protection knowledge,
attitude and use of hearing protection [35]. A software
program was used to break information into smaller
units, required mastery of the material before moving
from one unit to the next, was self-paced, and included
pre- and post-tests and quizzes throughout the training
to monitor accomplishment of learning objectives. The
same study also found knowledge of the use of smart-
phone noise apps significantly improved hearing protec-
tion behavior among adolescents [35]. An audiovisual
training illustrating the process of correct insertion of
hearing protection devices was found useful for older
youth such as college students, although it was used as a
small component of a hearing loss prevention training
[38]. Trainees liked the fact that the training video could
be viewed at their convenience and more than once if
necessary.
Limitations in study design and data analysis
Several limitations and weaknesses were observed in
study design and data analysis (Table 2). There were sev-
eral studies with small sample sizes (n ≤ 100) that lacked
adequate statistical power to detect group differences
[35, 38–40]. Wide variations in the length of follow-up
were also observed. While some studies used long-term
follow-up ranging from one to 3 years [36] or even
longer [24], most studies used very short-term follow-up
such as few months [27] or even weeks [35]. Follow-up
data on the study subjects were not reported in one
study, therefore failing to report on the effect of the pro-
gram [38]. In two one-group quasi-experimental studies
that compared pre- and post-intervention measures, the
timing of post-testing was not specified [34], or the dur-
ation between these two waves of data collection varied
widely across the participants of the study [40]. Only
three studies used a randomized controlled trial design,
the most robust and highly recommended study design
to evaluate the effectiveness of interventions [24, 33, 36].
Two other studies followed a randomized approach to
assigning subjects to experimental groups, however, they
did not meet all the criteria of a randomized trial due to
other methodological limitations, such as lack of control
group [38] or absence of pre- versus post-intervention
comparison [39]. The randomization process was not
described in one study [27]. Absence of control group
was also noticed in three experimental studies [34, 35,
40], among which only one study followed a cluster
randomization approach to assign three different types
of training formats to the experimental groups [35]. In
one study, non-randomized selection of comparison
groups resulted in an older control group [37]. In several
studies, evidence of the validity and reliability of instru-
ments was lacking [35, 36, 40]. Methodological limita-
tions were also evident in the statistical analysis and
reporting of data. Some noticeable weaknesses included
lack of adjustment for sociodemographic confounding
variables [27, 39], non-reporting of effect size [34], and
lack of application of appropriate statistical analysis for
determining the effects of intervention, perhaps due to
small sample sizes.
Discussion
This review used a systematic and sensitive search strat-
egy, together with multiple literature databases, to en-
sure that all studies meeting inclusion criteria were
reviewed. Overall, we found a small number of hearing
health intervention studies for youth with multiple
methodological limitations. In addition to problems with
study designs, the quality of reporting was low. Many
studies failed to include essential elements needed to as-
sess trial quality, e.g., robust design, presence of suffi-
cient statistical information, specification of eligibility
criteria, and random allocation of subjects [41]. As a re-
sult, the reports lack critical information to inform fu-
ture programs designed to promote hearing health.
In the last 15 years, there have been only two previ-
ously published reviews of hearing conservation pro-
grams for youth; the most recent 5 years ago. Our
review included some of the same studies included in
previous reviews, but differed in quality. For example,
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we included a critical analysis of study methods and
efficacy, which were not included in the previous review
papers. Furthermore, we expanded the inclusion criteria
to include a greater breadth of study populations and
study settings compared to previous reviews [42, 43]. In
addition, we included a review of study strengths and
weaknesses, as well as recommendations for future study
design and policy development.
Despite the recognition of noise exposure as a priority
occupational health problem, our extensive search of lit-
erature from 2001 onward produced only 10 reports that
met study inclusion criteria. Weaknesses in study design
and methods were common among reviewed studies,
e.g., small sample sizes, lack of rigorous study designs
(e.g., randomized controlled trials), inadequate power,
and application of inappropriate statistical analysis.
These limitations seriously impaired the validity of study
conclusions and generalizability of results. While several
intervention studies included in the review demon-
strated improvement in hearing conservation knowledge,
attitude, and/or behavior from pre to post intervention,
most post-tests were short-term (a few weeks or months,
or none at all); long-term and sustained effects of such
interventions were rare. There is a need for high-quality
studies using robust trial designs to test longer-term
effectiveness of hearing conservation programs for youth
and young adults. We recommend that reports of interven-
tion studies should follow commonly-accepted protocols
for trial reporting, such as CONSORTand PEDro [41].
There was wide variation in study settings, outcome
measures, instruments, and intervention approaches
across studies. Similarly, intervention methods were
diverse: school curriculum on hearing conservation, distri-
bution of printed materials (e.g., brochures, flyers), use of
social media and the internet, face-to-face motivational
activities, group learning, and technological approaches
such as smartphone apps, computer training, and text
message reminders.
The role of technology in promoting many types of
health behavior is of great interest. Among youth, several
studies employing technology-based program have
demonstrated high levels of efficacy with multiple health
behaviors (e.g., nutrition and obesity, sexual and mental
health, cancers, and asthma) [44–50]. Furthermore,
several studies [51, 52] have shown that youth are more
inclined to educate themselves via computer training and
internet-based tools, and do so more effectively and
sustainably when compared with traditional formats of
education such as reading materials and lecture-format
training. Technology-based programs also offer an advan-
tage over traditional training methods because they offer
interactive materials for active learning. Results of this re-
view indicate that electronic technologies are promising
tools in educating a widely dispersed audience including
low-income rural and agricultural communities. We
observed that training offered via computer software or
internet could create opportunities for self-paced instruc-
tions allowing the participants move from one module to
the next after clear understanding on the topics presented.
On the other hand, radio and television commercials and
mobile phone text messages can briefly but efficiently
transmit the core knowledge in the forms of prompts and
reminders. The availability of low-cost or free smartphone
applications for noise measurement could also contribute
to youth decision-making about the need for and selection
of hearing protection devices and other noise-control
strategies. Initial large investment required to develop the
technology-based learning materials can be easily
compensated by a number of sustained learning outcomes
in diverse target populations.
Conclusions
We reviewed the efficacy of hearing conservation inter-
ventions aimed at youth and young adults; analyzed the
weaknesses and limitations of published studies, generated
recommendations for future development of hearing
conservation programs, including use of technology (e.g.,
smartphone apps, mobile phone text messages, and
computers).
The use of technology in promoting hearing conservation
is a promising recent development in hearing conservation
for youth. Although few studies to date have used technol-
ogy in hearing conservation programs [27, 34, 35, 38],
technology-based interventions have potential for reaching
larger and difficult-to-reach audiences, and in cost-effective
ways. Therefore, health interventionists and program de-
signers may consider integrating technology-based educa-
tional approaches in future hearing conservation programs
targeting noise-exposed youth, particularly those who are
geographically dispersed (e.g., rural areas, small-towns, and
farming communities) and may otherwise lack access to
quality hearing conservation programs.
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